Since 2008, soaring international oil prices and environmental awareness have pushed bicycle to be a green transport vehicle to reduce greenhouse gas emissions as a significant global trend. Consequently, Taiwan's bicycle industry earned the "bicycle kingdom" has entered a new peak period of demand under popular social trends of bicycling for health conscious and a healthy exercise tool; thus, to co-create value with customers to retain the reputation is important for Taiwan's bicycle industry. In Internet age, plus the prevailing of service-dominant logic, virtual customer environments (VCEs) can be greatly leveraged to promote customers' active engagement in the value co-creation activities. After an extensive literature review, this study organizes a hybrid expert-based DANP model based on the applications of multi-criteria decision making (MCDM) tools, such as decision-making trial and evaluation laboratory (DEMATEL)-based analytical network process (ANP), for investigating the iterative and dynamic nature of customer's engagement and value co-creation behavior in the key bicycle industry in Taiwan. In the empirical study of analysis, the use and gratification framework of prior studies is validated on concerning the dynamic value co-creation behavior in bicycling VCEs and yields the following empirical results: (1) Tribal behavior drives the pursuit of realized benefits through VCE engagement and affects the related participation and citizenship behaviors in turn; (2) recognize the importance of social influences toward personal commitment and engagement of bicycling activities and related VCEs; and (3) four broad types of interaction-based benefits derived from engagement in VCEs include cognitive, social integrative, personal integrative, and hedonic benefits. The major research findings on theoretical implications and managerial implications provide helpful insights on marketing of Taiwan's bicycle industry.
Introduction
Based on a summarization report from "my Management Knowledge Center" (http://mymkc.com/articles/contents.aspx?ArticleID=21675), Taiwan's bicycle industry has information-rich on the developments and status. Taiwan's bicycle industry has developed more than 30 years and won the "bicycle kingdom" in the international arena. Due to threaten by low price competitions from China, Vietnam, and other less-developed countries, as well as the relocation of manufacturers and other factors, the industry began to decline. To face and overcome these challenges, Taiwan's bicycle industry in the 1990s actively implements restructuring, emphasizes on innovative research and development, and develops high value-added product with own brand. In 2003, two big companies in bicycle industry, Giant and Merida co-sponsored an "A-team" initiative, hoping to provide high value-added products through differentiation strategy and by integrating whole bicycle supply chain for collaborative learning and technological enhancements.
Since 2008, soaring international oil prices and environmental protection awareness have pushed bicycle to be a green transport vehicle to reduce greenhouse gas emissions as a significant global trend. Consequently, Taiwan's bicycle industry has reached a new peak performance. Furthermore, on January 1, 2011, the cross-strait "economic cooperation framework agreement (ECFA)" came into effect, which puts bicycle in the early harvest list with relative tax incentives (i.e., 6% tariff for export and 13% for import). Therefore, it is beneficial for Taiwan to marketing high-end bicycles to mainland China and greatly reducing threatens from China's dumping back of low-priced bicycles. Although Taiwan's competiveness in bicycle industry is protected temporally, this industry still needs to confront with an extensive global competition. It is great issues for them to keep and discuss creating value for customers to increase an extensive global competitiveness.
In the context of current service economy era, service is an essential weapon for creating customer value. Vargo and Lusch [1] proposed the "service-dominant (S-D) logic" perspective to transcend traditional "goods-dominant (G-D) logic." S-D logic emphasizes the interactive and networked nature of value co-creation with customers. This orientation is clearly presented in related foundational premises (FPs) of S-D logic [2] . For example, FP6 states "The customer is always a co-creator of value", which implies value co-creation is interactional. In addition, FP8 indicates "A service-centered view is inherently customer-orientated and relational," because service values are determined by customers' perceptions in the value co-creation activities. Last, FP2 denotes "Indirect exchange masks the fundamental basis of exchange", which emphasizes service provided through complex combinations of goods, money, and institutions; therefore, it has network in nature. Particularly, under the S-D logic and the rapid developments of information and communications technologies (ICTs), virtual customer environments (VCEs) have been widely adopted as mechanisms for enhancing customers' value co-creation activities.
According to the studies of [3, 4] , VCEs are brand communities of interests, such as customers, to unite around specific products or services. Furthermore, the interaction in VCEs is at least partially supported by technology and guided by norms [5] . The vast variety and amount of services provided by VCEs ranging from online discussion forums to virtual design and prototyping centers enable firms to involve their customers in product design, testing, and support related activities [3, 4, 6] . Such platforms exhibit significant strategic importance for managing customer value co-creation networks under S-D logic [1] . Take Taiwan's bicycling industry as an example: Giant and Merida have all established and well-managed their VCEs, such as fans clubs in Facebook, to facilitate active customer engagement relating to bicycling issues. There are rich fabricating elements for the configuration and management of VCEs. Based on literature of the strategic management and quality management, researchers have identified five major roles for customers in value co-creation: Operant resource, co-producer, buyer, user, and product [3, 7] . In addition, underlying themes and related design parameters might include customer interaction pattern, customer knowledge creation, customer motivation, and VCE and new product development integration [3] . As a result, the complicated interrelationships among related elements in VCEs as value co-creation networks deserve extensive investigations to gain insights on leveraging this powerful platform.
Related issues in VCEs have been studied well. For example, Nambisan [3] investigated the design issues of VCEs for new product development, Algesheimer et al. [8] examined the social influence of brand community, Nambisan and Baron [4, 6] explored the interactions in VCEs for value co-creation activities, and [5] stressed on the impact of customer endorsements on information-based behavioral outcomes. Nevertheless, most of these researches are quantitative in nature and rely on traditional methodologies, such as structural equation modeling (SEM) that needs to make assumptions about specific cause-effect relationships between constructs before validation. Given the above shortcomings, this study applies multi-criteria decision making (MCDM) tools instead of the desired feature of relieving the constraint for prior assumptions to provide complementary insights on the complicated, dynamic, and iterative VCE's issues.
Four major research objectives of this study are listed as follows. (1) Identify the motivating factors for driving customers participate voluntarily in value co-creation activities in bicycling VCEs. (2) Investigate potential benefits acquired from active engagement in bicycling VCEs. (3) Explore the dynamic nature value co-creation activities in bicycling VCEs, specifically for the interplay of customer participation behavior and customer citizenship behavior. (4) Suggest strategies for designing and prompting bicycling VCEs to be maximally appealing to potential contributors.
Literature review
This section reviews related literatures, including service-dominant logic and customer engagement of the iterative and dynamic nature of customer engagement behavior, virtual customer environments of the nature of the platform, tribal behavior of customers' motivations to engage in VCEs and the realized benefits engaged in VCEs, and customer participation behavior and customer citizenship behavior on customer value co-creation behaviors.
Service-dominant logic and customer engagement
The value co-creation behavior conducted in VCEs greatly relates with concepts of traditional goods-dominant, service-dominant logic, customer engagement, and relationship marketing; thus, it is necessary to review them in turn.
From goods-dominant logic to service-dominant logic Vargo and Lusch [1] and Lusch, Vargo, and Wesseles [9] emphasized the differences between operand and operant resources. (1) Operand resources: They are those on which an operation or act is performed to produce an effect [10] , and they are usually static and inert and have been highly treasured for wealth creation and exchange. Under this background, G-D logic is developed to put primary concerns on operand resources. Major features of G-D logic are described as follows: (a) People exchange for goods (operand resources) as end products; (b) the customer (as an operant resource) is the recipient of goods and "something to be marketing to"; (c) value is determined by the producer and embedded in goods (operand resources) represented by pricing; (d) source of economic growth is reflected in the accumulation of operand resources [1, 9] . (2) Operant resources: Operand resources require other dynamic and infinite resources, called operant resources, to make them useful and valuable [9] . Operant resources are resources that produce effects [10] , capable on acting on operand resources (and other operant resources), and often intangible, such as knowledge and skills [9] . As knowledge and skills were recognized as the most important types of resources in late twentieth century, the role of operant resources began elevating.
Particularly, Vargo and Lusch [1] further formally articulated the S-D logic as a transcendent perspective over traditional G-D logic. In contrast to G-D logic, major characteristics of S-D logic are summarized as follows: (1) People exchange to acquire service (the benefits of operant resources), and goods are transmitters of operant resources; (2) the customer (as an operant resource) is a co-producer of service, participating actively in relational exchange and co-production, and whom the marketer "marketing with"; (3) value is perceived and determined by the customer on the basis of "value in use", and organizations can only make value propositions; and (4) economic growth is obtained through the application and exchange of operant resources (e.g., knowledge and skills) [1, 9] .
Customer engagement
Due to rapid developments of ICTs and globalization of market, customers can easily establish or join communities to communicate with each other rather than being silent and isolated ones. This information motivates companies to discovering new ways to engage their customers for the purpose of creating and sustaining emotional connection with the brand. Vivek, Beatty, and Morgan [11] stressed the "beyond purchase" nature of customer engagement (CE), which is individuals who engage with the brand without necessarily purchasing related intention, such as search, alternative evaluation, and brand choice. They defined CE as "the intensity of an individual's participation in and connection with an organization's offerings and/or organizational activities, which either the customer or the organization initiate." Under this definition, different perspectives exist. (1) From the organization's viewpoint, CE is activities facilitating "repeated interactions that strengthen the emotional, psychological or physical investment a customer has in a brand" [12] . (2) Restated, CE refers to "the intensity of customer participation with both representatives of the organization and with other customers in a collaborative knowledge exchange process" [13] from the perspective of customer.
To explore the theoretical foundations of CE, Brodie, Hollebeek, Juric, and Ilic [14] relied on relationship marketing theory and the S-D logic, to propose five fundamental propositions (FPs) that can help developing framework for further research to get deeper insights and refinements of the conceptual domain of CE. The FPs is summarized in three dimensions of people, environment, and behavior, suggested by social cognitive theory [15] . For example, FP1 -CE reflects a psychological state, which occurs by virtue of interactive customer experiences with a focal agent/object within specific service relationships.
Incorporating customer engagement with relationship marketing
There is a major shift in marketing practice: From mass marketing (or transaction marketing) to relationship marketing (RM) [16] . The RM is originally defined as "establishing, developing, enhancing, and maintaining successful relational exchanges" [17] . Although this broad conceptualization of RM keeps balance view on attracting new customers and retaining existing customers, subsequent RM research has been concentrated on the enhancement and retention of existing customers in buyer-seller relationships based on exchange [11] . Nevertheless, recent proposition of S-D logic [1, 2] and writings of [18] [19] [20] suggested that RM research should address the interactive, co-creative experiences of both existing and potential customers. Furthermore, Vivek, Beatty, and Morgan [11] recognized the importance of incorporating CE with RM and named the perspective as "expanded domain of relationship marketing" (i.e., expanded relationship marketing). The expanded RM interacts as "value configurations" among organizations, organizational networks, and existing and potential customers, driven by interested parties in a value-creation virtual network.
Virtual customer environment
Following the rapid development of network technology, the Internet is penetrating almost every aspect of life. One significant phenomenon is the widespread and popularity of VCEs that redefine the role customers plays in value co-creation. The VCE platforms have strategic significance to co-opt customer competencies for value co-creation [1] . It is evident that based on examples from different industries, firms can derive different and tremendous benefits from managing successful VCEs [6, 21] . Porter et al. [5] indicated three main types of VCEs: (1) Third-party managed, (2) firm sponsored, and (3) customer initiated. Basic profiles of them are described as follows. (1) Third-party-managed VCEs are typically hosted and managed by neutral organizational entities that connect members for the exchange of information or products. (2) A firm-sponsored VCE is established by a single firm and often embedded on the firm's own website, for the purpose of fostering relationship with customers, facilitating peer support and service among customers, gaining marketplace insights, and enhancing profitability. (3) Customer-initiated VCEs are organized by individual members to interact around a shared interest, such as products and/or brands. Members generally establish an independent website or rely on a hosting service to operate the community.
Tribal behavior
There exists significant interrelationship between brands and consumers [22] . Veloutsou [23] identified two types of relationships that consumer develops around brands. The first type is the direct relationships between the brand and consumers, while the second is the links that consumers develop with other consumers around the brand. There is an impulse for a brand admirer to joint groups that focused on the focal brand to interact with other consumers. These groups have been described as brand community, brand tribes, or brand sub-cultures of consumption [23, 24] . Brand communities are defined as "formal brand related groups which consist of individuals who join the group willingly and acknowledge their membership of the brand" [25] . In contrast, brand tribes are groups of individuals that exhibit tribal behavior; that is, participants have not necessarily joined the group formally, but they demonstrate a passion toward the brand tribe [26] . Therefore, brand tribes have informal and wider membership than brand communities [25] , with a sense of togetherness and belonging [27] .
Consumer behavior within brand tribes has attracted recent attention in marketing fields. It has been conceptualized in various ways [28] . Motivated by the lack of a general measurement instrument for measuring tribal behavior, Tsiotsou and Veloutsou [28] developed a scale named TRIBE, which operationalizes tribal behavior via four dimensions, namely collective memory, reference group acceptance, brand tribe identification, and brand tribe engagement. (1) Collective memory denotes the brand knowledge that the consumers are developing and willing to share this knowledge with other group members [29] . (2) Reference group acceptance refers to the perceived approval of brand related activities by other people in their reference group [29] . (3) Brand tribe engagement is the degree of motivation in active participation in the brand group related activities [8] . (4) Brand tribe identification is the perceived attachment of an individual to other brand supporters [8] . Similarly, Veloutsou and Moutinho [29] identify five major dimensions of tribal behavior, including degree of fit with lifestyle, passion in life, social visibility, and the same reference group acceptance and collective memory. The degree of fit with lifestyle represents the degree of fit between specific brand and customer; the passion in life means that the brand has special meaning for customers; and the social visibility denotes popularity of the brand in society. In sum, these dimensions are categorized into three classifications: "Personal factors" (i.e., degree of fit with life style and passion in life), "social influences" (i.e., reference group acceptance, collective memory, and social visibility), and "VCE identification and engagement" (i.e., VCE identification and VCE engagement).
Perceived customer benefits in VCEs: Uses and gratifications framework
The uses and gratifications (U&G) framework [30] identifies four broad types of benefits, including cognitive benefits, social integrative benefits, personal integrative benefits, and hedonic benefits, which individuals can derive from media usage. According to Nambisan and Baron [6] , one common theme of U&G framework in related studies is their focus on consumers' interactions (with the media itself and others) in a particular context, and how these interactions gratify their different needs or create gratification opportunities [31] . Recent application contexts of this framework to VCEs show that though specific benefits may vary to different contexts, the essential theoretical assumptions and the broad categories are stable [6] . Therefore, the U&G framework is properly applied to the context of customer engagement in the VCEs in this study.
The four benefits are identified as follows. (1) Cognitive benefits relate to information acquisition and reflect better understanding of product-related learning regarding product technologies, market, and usage under the context of the VCEs. Thus, VCEs offer opportunities for this kind of learning because they store valuable accumulated knowledge on the product, and this knowledge keeps up to date through continued customer interactions for contribution and sharing [32, 33] . (2) Social integrative benefits refer to strengthen the emotional bonds with other community members. In a VCE, the social context is shaped by interactions among participating customers and members of the host firm. Hence, social integrative benefits represent those realized from the social and relational bonds developed over time among the participating parties in the VCEs [3, 6] . (3) Personal integrative benefits represent the rewards of achieving a sense of self-efficacy and elevated personal status or reputation [30] . VCEs offer the opportunity for individual customer to contribute their product-related knowledge and problemsolving capabilities, thereby enhance their professional and skillful status between peer customers and members of host firm [33] . (4) Hedonic benefits denote the experience related to the concept of flow. Customers' interactions in the VCEs can be a source of highly aesthetic, interesting, pleasurable and mentally stimulating experiences [6] . Customers derive tremendous pleasures from interacting with others concerning the features and the usage of product [34] .
Customer participation behavior
Management literature distinguishes between employee's in-role and extra-role behavior that relates to individual's task performance and context performance separately [35] . Task performance involves behaviors that are expected and necessary for the successful completion of specific task, having in-role in nature. Conversely, context performance involves voluntary and discretionary behaviors, which is extra-role in nature and often refers to organizational citizenship behavior (OCB). In a similar vein, research in customer value co-creation identifies two types of behaviors: (1) Customer participation (in-role) behavior is necessary for a successful value co-creation; (2) alternatively, customer citizenship behavior (extra-role) is voluntary and contributes extraordinary value for value co-creation [36] [37] [38] . Empirical studies show there are different antecedents and consequences for in-role and extra-role behaviors [37, 38] . Three dimensions: Information seeking, responsible behavior, and personal interaction, in customer participation behavior are determined as follows, and customer citizenship behavior is further explored in next subsection.
Information seeking
Since product or service-related benefits are major drivers for customer to engage in VCEs, information seeking becomes an important customer participation behavior. Kellogg, Youngdahl, and Bowen [39] identified four distinct forms of customer participation: Preparation, information exchange, relationship building, and intervention. Preparation refers to preparing for the service by such actions as seeking referrals, researching competitors and arriving early; information exchange denotes providing and seeking information to clarify service exchange expectations and seek status. The above two activities relate to information seeking that can help customers to be more proficient value co-creators. Customers seek information for two major purposes [37] in the value co-creation process. First, information seeking reduces customers' uncertainty and enables them to understand and control co-creation environment better. Second, information seeking enhances customers' ability to master their role as co-creator in the value co-creation network.
Responsible behavior
The second dimension to participation concerns is identified by [40] as responsible behavior. This concept reflects the core nature of value co-creation network that participative parties have their duties and responsibilities. In the service encounter context, customers may need to play the role of partial employees, and employees may need to play the role of partial customers. They have to be responsible and behave as such [40] . Customers have to observe rules and policies and accept directions from employee [41] ; without customers' responsible behavior, little value co-creation is realized [37] .
Personal interaction
The third dimension of personal interaction participation, identified by [40] , refers to interpersonal relations between customers and employees [37] . With the dimensions of service quality, other than environment quality and outcome quality, personal interaction is emphasized as functional quality [42] , which is broad and encompass a range of elements that characterize the nature of relationships, such as trust, reliability, support, cooperation, flexibility, commitment [40] , courtesy, friendliness, and respect [37] . This factor is important, because in many service encounters the relationship with individual employee may be as significant as the relationship with the organization as a whole [43] . Furthermore, value co-creation takes place in a social setting. The more pleasant, congenial, and positive the social environment is, the more likely customers are willing to engage in value co-creation [44] .
Customer citizenship behavior
Four major customer citizenship behaviors are identified, namely knowledge sharing, advocacy, helping, and continuance intention, as follows.
Knowledge sharing
According to Alavi and Leidner [45] , knowledge is the information processing that takes place in human minds, as well as personalized information related to facts, procedures, concepts, interpretations, ideas, observations, and judgments. Davenport and Prusak [46] defined knowledge sharing as processes that involve exchanging knowledge between individuals and groups. An individual imparts his or her understanding, expertise, or insight to another individual so that the recipient may acquire and leverage the knowledge to create more values. Knowledge sharing lies at the core of continuous improvement processes and is quintessential in terms of transforming an individual's process improvements into actual learning. Clearly, active knowledge sharing requires the willingness of individual member to provide spontaneous assistance without assurance of reciprocation, which relates greatly with customer citizenship behavior. In knowledge management context, sharing knowledge with others without expectation of return represents altruistic behavior. The contributors participate conscientiously and actively (courtesy) with civic virtue and tolerating the efforts of resources given (sportsmanship) when sharing knowledge. Thus, knowledge sharing behavior in VCEs is viewed as a typical customer citizenship behavior. Organ and Konovsky [47] identified five types of OCB: (1) Altruism, voluntary actions, helps another person with work-related problems; (2) conscientiousness goes well beyond the required levels of responsibility; (3) civic virtue has responsible and constructive involvements in the political process of an organization; (4) sportsmanship tolerates the inevitable inconvenience and impositions of work without complaining; and (5) courtesy provides advance notice to people who need such information. Furthermore, knowledge has been widely studied in various application fields, such as web [48, 49] and system [50] [51] [52] .
Advocacy
Advocacy (or word-of-mouth; WOM) refers to recommending the business to others such as friends or family [53] . Positive WOM is often created by loyal customers, and it contributes greatly to a positive reputation of a firm beneficiary for the promotion of its products and services, thereby increases its customer base size [41, 53] . The importance of WOM has long been emphasized by marketing researchers and practitioners for a number of reasons. For example, it has been shown to have a significant favorite impact on consumer's purchasing decisions [54] and post-purchase product evaluations [55] . In general, WOM has been shown to be more effective than traditional marketing tools, such as advertising or personal selling, as it is deemed with higher credibility, empathy, and relevance to customers [56] . Particularly, the Internet has emerged as a platform for the popularization of electronic WOM (eWOM) communication for customers [57] , and eWOM has thus been examined extensively. Bickart and Schindler [56] proved that product information on VCEs has greater credibility, relevance and more likely to arouse empathy with consumers than information on marketer initiated website content. In the [57] investigation on factors motivating consumers to engage in VCEs and eWOM, they found that major motivations of eWOM participants are similar to those of traditional WOM participants. Such findings suggest the impact of eWOM can be referred to WOM effects; thus, WOM mechanism acts in the same way in VCEs. In the context of value cocreation in VCEs, WOM represents loyalty toward other parties (i.e., the service provider, other members, or the VCE itself ) and promotion of their interests beyond personal interests [41] ; undoubtedly, it therefore relates to customer citizenship behavior.
Helping
Helping denotes customers behavior aimed at supporting other customers [37] . In a service co-creation process, customers usually exhibit helping behavior toward other customers other than toward employees because other customers in a service encounter may need help from those with consistent with their expected roles [53] . In addition, customers' roles are less defined and role-scripted, as compared with those of employees'; thus, customers generally need spontaneous help from peer customers [53] . Rosenbaum and Massiah [58] noted that customers have the tendency to recall their own difficult experiences and build a strong sense of empathy and social responsibility to help other customers facing similar difficulties. Just like electronic commerce (EC) taking several forms depending on the degree of digitalization, such as brick-and-mortar, click-and-mortar, and pure-play organizations, the customer citizenship behavior is extended beyond VCEs to physical world, such as get-together and lending a helpful hand.
Continuance intention
Broadly, the extra-role nature of citizenship behavior may also implies membership continuation intention, which is member's willingness to stay committed, maintain emotional bonds, and finally exhibit intentions to maintain membership with the community [8] . Continuance intention can be referred to the actual intention to continue using the Internet services in the post-adoption stage [59] .
Methods and materials
This section describes the development of the research framework, data sampling, and analysis methodology.
Research framework
Based on the well-known Stimulus-Organism-Response (S-O-R) model, which posits that environmental factors act as stimuli that affect an individual's cognitive and affective reactions, which in turn affect behavior [60] , this study proposes a research framework that relates members' tribal behavior with stimuli, perceived benefits from VCE with organism, and value co-creation behavior with response, as shown in Figure 1 below.
Definition of research constructs
The subsection introduces four major dimensions used in the research framework, including tribal behavior, perceived customer benefits, customer participation behavior, and customer citizenship behavior.
Tribal behavior
Bicycling enthusiasts' motivations for the sport and their intention to join related VCEs are emphasized in this study first. According to the literature [28, 29] , the tribal behavior dimension is termed as "A", and Table 1 summarizes its criteria and norms.
Perceived customer benefits
Accordingly, the dimension of perceived customer benefits is derived from U&G theory [4, 6] , operationalized, and explained. The perceived customer benefits dimension is termed as "B", and Table 2 summarizes its criteria and norms.
Customer participation behavior
The in-role dimension of customer value co-creation behavior as customer participation behavior [37] is defined. The customer participation behavior dimension is termed as "C", and Table 3 lists its criteria and norms. 
Customer citizenship behavior
The final extra-role dimension of customer value co-creation behavior as customer citizenship behavior [8, 37] is also identified, which is termed as "D", and Table 4 lists its criteria and norms below.
Research methodology
This subsection describes research tools and instruments, research subjects and sampling.
Research tools and instruments
Based on the [14] investigation within the social science and management disciplines, they recognized the dynamic nature of customer engagement process, which is characterized by specific cyclical, iterative dynamics. They identified specific CE relational consequences that may extend to play the role of antecedents in subsequent CE processes, revealing the iterative nature of the CE processes over time. Similarly, members of bicycling VCE might be motivated by either one of three constructs (i.e., personal factors, social influences, and VCE identification and engagement) on tribal behavior dimension first, and then the driving dimension can either influence or be influenced by other dimensions.
Traditional methodologies, such as SEM method, need to make assumptions about specific cause-effect relationships between constructs before validation. Consequently, tools, such as decision-making trial and evaluation laboratory (DEMATEL) and analytical network process (ANP), seem more appropriate to explore the dynamic and iterative CE (b2) Social integrative Benefits derived from the social and relational bonds with other VCE members developed over time, such as enhancement of a sense of belonging or social identity.
(b3) Personal integrative
By contributing bicycle-related knowledge and problem-solving skills, members achieve a sense of self-efficacy and elevate personal expertise-related status or reputation.
(b4) Hedonic Considerable pleasures or enjoyments form interacting with one another concerning common interested topics.
behavior than traditional methodologies when facing MCDM problems. Major desirable features of the mathematical tools are relied on extensive pairwise comparisons among system elements without prior assumptions about their relationships. In this study, we don't enforce any prior assumptions on the relationships among dimensions and criteria. Subsequently, the final influence pattern (directions and degrees) will be objectively derived by mathematic calculations through DANP method instead of subjectively judgments. By this way, this study can contribute insightful and complementary findings to this research application field. Generally, research instrument is developed in three major parts.
(1) First part collects basic information of interviewees. (2) Second part provides detailed definitions and examples of all research constructs. (3) Last part invites interviewees to make extensive pairwise comparisons among all constructs. In detailed processes, the interviewees first decide the most appropriate relationship between two constructs from four possible influences, such as "×" (No relationship), "→" (X influences Y). "←" (X is influenced by Y), or "↔" (X and Y influence each other). Accordingly, they denote degree of influences from five possible levels: 0, 1, 2, 3, and 4 to represent "No influence", "Very low influence", "Low influence", "High influence", and "Very high influence", respectively. Pairwise relative comparison is the essential processing of analytical hierarchy process (AHP) and ANP, which allow decision maker to set priorities and make choices on the basic of their objectives and knowledge and experiences in a way that is consistent with their intuitive thought process [61] . With the pairwise comparison, weights and priorities are not arbitrarily assigned, but are derived from a set of redundant judgments. This method for deriving the priorities is good, because first, it is based on a sound mathematical foundation, and second, validation studies have also been performed [61] .
Research subjects and sampling
The population of this study is bicycling enthusiasts who engage bicycling related VCEs actively. They are samples by this study under principles described below to meet both (1) They are knowledgeable of, and experience with the research issue; (2) they have the ability to ponder the question and to express their thoughts into word adequately; (3) they have motivation and time to participate in the study; (4) they are homogeneous concerning important dimensions of distance and power; and (5) they have good team spirit, and they are neither overpowering nor too timid to speak. In other words, regarding quantitative requirements, Denzin and Lincoln [63] proposed that the size of sample is not so important as sample's appropriateness and richness. Therefore, this study follows above suggestions to recruit research subjects from active members form bicycling VCEs who have long-term enthusiasm toward bicycling. Consistent with the principles of snowball sampling and theoretical saturation, appropriate sample size is determined. That is, we sample subjects until we believe that no more new information can be found. Theoretical saturation means that no new or relevant data emerge concerning a category, that the category is well-developed, and that the linkage between categories are well-established [64] .
The theoretical saturation of this study is evaluated by "errors of gap ratio" (EGR) as formatted below [65] , which has consistency index in analytic hierarchical process:
Â 100%; where p denotes the number of sample, and a p ij is the average influence of i criteria on j; and the number of gap ratio elements is n(n-1). When EGR is α, the significant confidence is (1-α) . In general, we have over 95% confidence to contend that there is no significant differences between evaluations of sample size p and p-1 when α is less than 5%. Consequently, it is reasonable to propose that sample size p is significantly close to theoretical saturation and qualified to be an appropriate size. Accordingly, we will conduct the survey in face-to-face manner to make sure surveyed experts understand real meanings of research constructs, though detailed definitions and examples of them were well prepared and presented in the questionnaire too. Subjects were asked to do comprehensive pairwise comparisons regarding all research constructs to evaluate their effects and influences.
Building a DANP model for exploring the dynamics of customer value co-creation behavior Particularly, intelligent hybrid systems integrate several models for processing real-world problems [66] [67] [68] [69] [70] . In practice, such a hybrid model outperforms stand-alone models for that the intelligent hybrid model maximizes their advantages while minimizes the limitations. This study, therefore, builds a hybrid DEMATEL-based ANP method called DANP model, which identifies the interdependence among the dimensions and criteria based on intelligent methods. Figure 2 illustrates the proposed model by applying core of DEMATEL and ANP methods that are an organization of DEMATEL and ANP in turn. (1) The DEMATEL approach is a mathematical procedure originated from the Geneva Research Centre of the Battelle Memorial Institute designed to deal with important issues of world societies and possess some excellent features [71, 72] , which is based on matrices to represent the contextual relation as well as strength of influence of the elements of the target system, and it can convert the cause-effect relationship of elements into visible structural models. Due to owning practical benefits, the DEMATEL has been widely applied in various fields, such as marketing [73, 74] , education [75, 76] , investment [77] , and supply chain management [78] . (2) Saaty [79] established an ANP way for determining complicated nonlinear network relationships to diminish the limitations that AHP hypothesizes all factors of indices under the frame work of each level possessing mutual independences. Nevertheless, a limitation is the survey questionnaire of ANP too laborious to fill out [80, 81] . To solve this problem, we based on the concepts of total criteria matrix and total dimensions matrix generated by DEMATEL technique to conduct further procedures required by ANP method to deal with problems of dependence and feedback among criteria, which is DANP model.
The algorithm of DANP
The algorithm steps of the proposed DANP model for building an impact relation map (IRM) using DEMATEL technique and for finding influential weights by ANP technique are summarized in detail as follows.
Step-1 Crate the initial direct-relation matrix
Acquire the assessments about direct influence between each pair of elements from a committee of experts. The pairwise comparison designated by following levels: 0, 1, 2, and 3 to represent "No influence", "Low influence", "High influence", and "Very high influence", respectively. The initial direct-relation matrix A, formatted as A = [a ij ] n × n is a n × n matrix, in which a ij is denoted as the degree to which the element i affects the element j.
Step-2 Normalize the initial relation matrix to attain total-relation matrixes
The normalized direct-relation matrix X = [x ij ] can be obtained through Eqs. (1) and (2) .
Where s max in Eq. (1) indicates the maximum values out of the sums of all the rows and the sums of all the columns; X in Eq. (2) represents the normalized initial direct-relation matrix. All elements in matrix X are complying with 0 ≤ x ij ≤ 1, and all principal diagonal elements are equal to 0. The total relation matrix T is obtained using the following two numerical calculations in Eqs. (3) and (4) .
Where I is the identity matrix, and p represents the power. The matrix X will converge when p tends to infinity. Furthermore, the produced total relation matrix T by DEMATEL technique is based on the comparisons among criteria; therefore, it can be renamed as total criteria relation matrix
with m dimensions and n 1 to n m criteria. 
Where each D m denotes the m th dimension; C nm represents the m th criteria in the n th dimension; and T ij c is the principle eigenvector of the influences of the elements in the i th dimension, as compared to the i th dimension. Based on above T c , the total dimensions relation matrix T d is generated from total criteria matrix by Eq. 
Step-3 Generate the impact relation map
The IRM of T c and T d is established via the vectors r and s, and the sums of rows and columns, respectively, which are formatted as Eqs. (7) and (8) .
Where r i denotes the sum of the i th row, representing the entire influences of criteria (or dimensions) on other criteria (or dimensions). Besides, c j denotes the sum of the i th column of matrix T c (or T d ), meaning the total impacts that criterion (or dimension) j gets from other criteria (or dimensions). In the definition of IRM, it can be constructed by mapping the dataset of the (r i + s j , r i − s j ). The horizontal axis vector (r i + s j ) named "Prominence" is made by adding r i to s j , which shows the importance of the element.
Similarly, the vertical axis (r i − s j ) named "Relation" is made by subtracting r i from s j . Generally, when (r i − s j ) is positive, the element belongs to the cause group; otherwise, the element belongs to the effect group [82, 83] . After calculating the means of (r i + s j ) and (r i − s j ), the IRM is divided into four quadrants. Elements in quadrant I have both high prominence and relation, which means they have highest interaction influence level with other elements; thus, they are identified as driving factors. Elements in quadrant II have low prominence but high relation, and they are identified as voluntariness. Elements in quadrant III have both low prominence and relation, and they are relatively disconnected from the system. Elements in quadrant IV have high prominence and low relation, which means they are important items impacted by other elements [84] .
Step-4 Normalize total criteria relation matrix
The total criteria relation matrix T c is normalized by total degrees of effect and influence of the dimensions to obtain T c * , which is formatted in Eq. (9). ; and then T cÃ ¼ 
Step-5 Normalize total dimensions relation matrix
The total dimensions matrix T d is normalized to obtain T d * , which is formatted in Eq. (10) to represent the weights of dimensions. 
Step-6 Build the weighted super-matrix and obtain influential weights of elements Multiply normalized total criteria relation matrix T c * with normalized total dimensions relation matrix T d * to produce the originally weighted super-matrix S, which is formatted in Eq. (11) . The S is further transposed to a column-stochastic super-matrix S * , which is formatted in Eq. (12) . 
Applications of the proposed model
To explore the dependent and feedback nature of bicycling VCEs, this study developed a questionnaire to survey active members of bicycling VCEs, who have rich experiences in VCE participation and engagement. Based on their input, we experience the DANP analysis as follows.
Representativeness of the surveyed experts

Background of surveyed experts
This study follows [62] suggestions for the qualification of research subjects to conduct the survey of interviewing domain experts in face-to-face manner to make sure the experts understand real meanings of research constructs. Table 5 lists the expert background.
The appropriateness of sample size
In terms of sample size, we adopt [64] "theoretical saturation" principle as well as consistency index of measuring EGR [65] . Based on information in Tables 6 and 7 to use four major constructs in Subsection 3.2 and the research framework in Figure 1 , EGR is counted as 3.704%, representing 96.296% of significant confidence on group consensus. Thus, Table 7 is suitable to be used as input data for further calculations in first part of DANP model.
Implementing the empirical application of DANP analysis
The first DANP technique is used to model an empirical application analysis of influential relationships among dimensions and criteria and to build an IRM representing these relationships. The implementing algorithm using an empirical study is experimented systematically as follows.
Based on group consensus results, we have created initial direct-relation matrix A as shown in Table 7 .
Step-2 Normalize the initial relation matrix to attain total-relation matrixes Matrix A is normalized to get the matrix X using Eqs. (1) and (2). Table 8 lists information of the normalized initial direct-relation matrix. The total-relation matrix T is obtained using Eqs. (3) and (4), and the total criteria relation matrix T c and total dimensions relation matrix T d are derived by Eqs. (5) and (6). Tables 9 and 10 list the total criteria relation matrix and total dimensions relation matrix separately.
Step-3 Generate the impact relation map Subsequently, by using Eqs. (7) and (8), the total influence given and received to each dimension and criterion for IRM of T c and T d is summarized as shown in Table 11 . From Table 11 , we identify the prominence (r i + s j ) and cause-effect (r i -s j ) of dimensions and criteria. Putting r i + s j as X-axis and r i -s j as Y-axis, we obtain IRMs of various dimensions below. Figures 3, 4 , 5, 6 and 7 summarize the IRMs information of dimensions and criteria, including total dimensions, tribal behavior, perceived customer Table 8 Normalized initial direct-relation matrix   Criteria a1  a2  a3  b1  b2  b3  b4  c1  c2  c3  d1  d2  d3 benefits, customer participation behavior, and customer citizenship behavior, respectively. In terms of cause-effect relationship, tribal behavior (A) affects perceived customer benefits (B), customer participation behavior (C), and customer citizenship behavior (D); B affects C and D; and C affects D. In order to make uncluttered IRMs, we follow principles suggested by [62] that if there are paths from A to B and B to C, and a direct path A to C, then the direct path is deleted. Thus, the relationships are represented as A ➜ {B, C, D} that is an interesting finding.
Having determined the relationship structure of all dimensions and criteria, the total criteria relation matrix was normalized according to Eq. (9), and Table 12 shows the normalized result.
The total dimensions relation matrix was normalized by Eq. (10). The normalized result is shown in Table 13 .
Step-6 Build the weighted super-matrix and obtain influential weights of elements
The normalized total criteria relation matrix was weighted by the normalized total dimensions matrix to obtain an originally weighted super-matrix by Eq. (11), and Table 9 Total criteria relation matrix   Criteria a1  a2  a3  b1  b2  b3  b4  c1  c2  c3  d1  d2  d3 the matrix was then transposed to get the weighted super-matrix using Eq. (12). Table 14 describes information of the weighted super-matrix. Finally, the influential weights of criteria are obtained by limiting the power of the weighted super-matrix until it reaches a stable state. Table 15 shows the limit information on criteria.
Results and discussions
After the implemented DANP model, three types of major analytical results of this study in the context of value co-creation behavior of bicycling VCEs are described as follows. (1) Validation: The dynamic dependence and feedback nature of VCE value co-creation behavior are validated. As the total criteria relation matrix and total dimensions relation matrix capture the effects and influences of elements, and there is no empty cell in the matrix, all elements both influence and be influenced by other elements. This conclusion reflects the dynamic and sophisticated real world phenomena. (2) Identification: Dominant influencing trends are visually identified. Though all elements influence each other, there exist some significant relationships. We summarized driving factors of dimensions and criteria from the IRMs as shown in Table 16 below. (3) Finding: The influential weights of criteria are clearly identified in Table 17 . As shown in Table 17 , from global perspective, top four criteria of the system are continuance intention, personal interaction, VCE identification, and helping. Besides, priorities normalized by dimension are equally distributed in nature, which represent they have similar contributions for the system. Furthermore, the most important criteria under each dimension are recognized as VCE identification and engagement, social integrative benefits, personal interaction, and continuance intention. These findings reflect the social networking nature of bicycling VCEs. 
Conclusion
In this service economy era, the importance of value co-creation behavior cannot be overemphasized. Accompanying the rapid development and popularity of social networking sites and bicycling activities, the value co-creation behavior of bicycling VCEs deserve deeper investigations. To reach this end, this study used a hybrid expert-based DANP model to implement an empirical case study with the significant features as follows:
U&G framework and S-O-R model
This study bases on U&G framework [30] and S-O-R model [60] to combine with perspective from S-D logic to establish and validate the hybrid expert-based DANP model concerning the dynamic value co-creation behavior in bicycling VCEs. Particularly, no prior hypothesized relationships in terms of direction and degree are assumed in this model since it would be more consistent with real world cases that all factors interrelate and influence with each other somehow. As a result, it is expected that the study findings can provide insightful and complementary contributions to related studies.
Domain experts
The subjects interviewed are domain experts who have rich experiences on the engagement of bicycling VCEs. Therefore, the responses induced from them are based on their accumulated experiences instead of judgments on specific organizations. Moreover, the qualitative and quantitative qualifications of interviewed experts were well controlled according to suggestions from qualitative research field to make sure their representativeness.
Objective mathematical calculations
The final consensuses of these experts were derived by objective mathematical calculations instead of subjective judgments. In this way, the analytical results of this study have satisfactory reliability and validity. Accordingly, implications of major findings from the empirical study are yielded and described in the following two directions as follows.
Theoretical implications
There are the extracted four theoretical implications in this study, as follows: Table 12 Normalized total criteria relation matrix   Criteria a1  a2  a3  b1  b2  b3  b4  c1  c2  c3  d1  d2  d3 
In tribal behavior
Under S-D logic, value co-creation network involves relationships not only between businesses and customers, but also customers and customers. Consequently, customers are not merely responders but rather active value co-creators. The customer-to-customer relationships are referred as brand tribes [25] that have been employed by companies to enhance their customers' loyalty. Brand tribes are different from traditional brand communities in that, the latter are managed by companies in a formal manner, such as membership subscription, and various rewards or incentives are offered to members. Restate, in brand tribes, customers develop loose relationships freely by themselves without any formal subscription, called tribal behavior [25] , which fits the spontaneity nature of bicycling VCEs. This study has demonstrated tribal behavior drives the pursuit of benefits that are realized by VCE engagement, and Table 14 The weighted super-matrix   Criteria a1  a2  a3  b1  b2  b3  b4  c1  c2  c3  d1  d2  d3 Table 15 The limit of weighted super-matrix Criteria a1  a2  a3  b1  b2  b3  b4  c1  c2  c3  d1  d2  d3 has affected the related participation and citizenship behaviors in turn. For major bicycling VCE tribal behavior, this study has recognized the importance of social influences toward personal commitment and engagement of bicycling activities and related VCEs.
In interaction-based benefits
Under U&G framework, there are four broad types of interaction-based benefits that individuals can derive from engagement in VCEs, including cognitive (or learning), social integrative, personal integrative, and hedonic benefits. In terms of customer value co-creation activities, traditional models have largely been focused on the outcome of the innovation (i.e., product innovation or process innovation) and adopted economic and game-theoretic perspective to describe customers' motivation Note: Data in bold highlight significant criterion and its corresponding dimension.
to engagement [4] . This study follows [4, 6] approach to shift the focus from outcome to the value co-creation process itself. This study provides empirical support for the proposition that customers' interactions in value co-creation can itself be an important source of value [20] . Furthermore, this study has identified the cause-effect relationships of these benefits. Specifically, personal integrative motives learning, social integrative, and hedonic benefits in sequence. This finding reveals that sense of self-efficacy originated from personal integrative benefits pushes customers' pursuit of other benefits.
In customer value co-creation scale
One core concept of S-D logic is that customers are also value co-creators. Therefore, customers are active participants and collaborative partners in the value co-creation network (or service-value chain) [37] . Yi and Gong [37] posited that to capture the conceptual richness of customer value co-creation behavior, a hierarchical and multidimensional approach is needed. As such, they developed and validated a customer value co-creation scale, including two major dimensions: Customer participation behavior and customer citizenship behavior, with each dimension composed of four components. This study adapts and modifies some of its components to fit VCE unique features since this scale is developed under physical service context.
In in-role and extra-role behaviors
This study not only has confirmed the multidimensional nature of customer value co-creation behavior, but also has explored the interrelationship among related components. From the study results, customer participation behavior affects customer citizenship behavior, with personal interaction and knowledge sharing as the key driving factors. This finding is consistent with the traditional management literature on the distinction between employee in-role (or task performance) and extra-role (or context performance) behaviors. Task performance involves those expected and necessary behavior for the successful completion of service delivery. In contrast, context performance relates to voluntary and discretionary behaviors that are not necessary for the successful value co-creation. Conclusively, it is an important finding in this study that customer participation behavior is the antecedent of customer citizenship behavior.
Managerial implications
From social-technical point of view, for most firms, the critical challenge in customer value co-creation will not be in the implementation of a technological infrastructure, but in maintaining a supportive innovative experience environment for their customers. This study yields management implications for firms focused on bicycling customers' interactions in VCEs in bicycling industry.
Enhancing customer value co-creation management
Firms should fully acknowledge the importance of VCEs in enhancing customer experience management and value co-creation. Literature confirms the tremendous contributions of VCEs to product design, testing, and support activities [3, 4, 6] . The strategic significance of endeavors to co-opt customer competencies for innovative value co-creation is evident [1] . Therefore, firms should work hard to enhance the linkage and interaction between participants and internal product groups. Firms can consider implementing physical organizational support, such as new organizational units or positions to manage the VCE initiative formally. The involvement of such employees creates several benefits for both firms and customers. Such organizational actions demonstrate the commitment of the firm to co-op with their customers to create win-win benefits for all involved parties. Furthermore, more advanced product can be introduced to VCE interactions and thereby enhance the product content as well as quality of interactions.
Integrating both online and offline interactions
Due to the essential driving role of tribal behavior for participation and value co-creation in VCEs, firms can take efforts to push wider acceptance of bicycling and participation of related VCEs. As this study has demonstrated social influences affects further personal and VCE beliefs and behaviors, firms can promote event marketing to increase the visibility of bicycling and combine customers' VCE interactions with appropriate off-line activities and interactions to enhance their overall experience. Reference group can also be created for positive word-of-mouth of bicycling. These activities integrate both online and offline interactions, which may further create great potential synergy for businesses.
Highlighting customer perceived benefits
Our findings highlight the importance of customer perceived benefits, since customers' active engagement in VCEs is strongly influenced by their perception regarding possible benefits. Therefore, firms should take active measures to enhance the contributions of such benefits. For personal integrative benefits, firms can devise effective incentives, such as premium status for active participants to encourage more contributions and sense of self-efficacy that increase the perceptions of personal integrative benefits. Next, for learning benefits, the involvement of employees in VCEs can increase the breadth and width of product related knowledge interchanged, thereby providing opportunities for capturing more learning benefits. For social integrative benefits, the event marketing mentioned-above combined with offline gathering of VCE member can help establish good relationships to facilitate psychological attachment to the VCE, and then increase sense of belonging as social integrative benefits. Finally, hedonic benefits of VCEs may originate from pleasant experiences in conversing with one another about common interested focal issues [34] , or the problem solving ability may also be a source of mental stimulation that forms another type of hedonic benefits [6] . Hence, different customer perceived benefits can complement each other. Nevertheless, firms can improve the interface and usability of VCEs to strengthen customers' aesthetic and pleasurable experiences.
Taking proactive measures
For the critical dependent constructs of this study, customers' value co-creation behaviors, including participation behavior and citizenship behavior, firms should not assume that when they established the supportive technological infrastructure, customers will join and support one another voluntarily. Based on our findings, customers' value co-creation behaviors are strongly influenced by their perceived potential benefits. Consequently, it is essential for firms to take proactive measures to sustain and cultivate VCEs that would contribute all four types of customer benefits adopted in our research model.
Limitations and suggestions for future research
There exist certain limitations associated with present study, and some of the limitations point to promising direction for further research. First, this study focuses on bicycling VCEs; thus, the insights gained here may not be appropriate for other context, which means the generalizations of findings may be limited. Future studies could focus on other types of VCEs, such as product design or testing-based ones, to check whether research constructs indicate different cause-effect and relative impact patterns. Another study limitation relates to the shortage of focus on website characteristics, such as information system success beliefs (i.e., information quality, system quality, and service quality), or technology acceptance beliefs (i.e., perceived usefulness, perceived ease of use, and perceived entertainment). Similarly, given the scope of present study, several customer psychological variables, such as personal innovativeness and computer self-efficacy, were not considered in the study model. Nevertheless, the influences of external interactions, and the relationship between customers' value co-creation behaviors and purchase related decision are all worth further explorations.
